In this research work cotton fabrics were treated with sodium hydroxide, morpholine and cellulase enzyme. The treated fabrics were then dyed with some selected natural dyes such as annatto, onion, pomegranate, indigo, myrobalan, bar berry; and synthetic dyes such as reactive and sulphur dyes. These treated samples were tested for their dyeing characteristics (K/S value, fastness properties, washing, light, rubbing and stain resistance), antibacterial, uv-protection, anti-odor behaviors and SEM study. Among the treated fabrics, sodium hydroxide treated cotton fabric exhibited the best properties.
INTRODUCTION
Cotton is the most widely used textile fiber in the world. World textile fiber consumption at the end of 20 th century was approximately 45 million tons. India holds the largest area under cotton cultivation and ranked third in world's cotton production and is the second largest consumer of cotton [1, 2] . Unlike synthetic fibers, cotton is a natural product [3] and is non-allergic. The use of natural dyes has increased recently in production and in its usage by human beings due higher awareness of harmful effects of chemical dyes [4, 5, 6 ]. The use of many different natural dyes can be traced ancient times [7] [8] [9] [10] .
Cotton has a high absorbency rate [11] and holds up to 27 times its own weight in water. Cotton swells in a high humidity environment, in water and in concentrated solutions of certain acids, salts and bases [12, 13] . However, the moist cotton can be easily attacked by bacteria. Antimicrobial textiles with improved functionality have a variety of applications in health and hygiene products, especially the garments worn close to the skin [14] [15] [16] [17] [18] [19] [20] [21] . With increasing world population and the spread of disease, the number of antibiotic resistant microorganisms is rising along with the occurrence of infections from these microorganisms. To address these growing concerns in the environment, researches are focused on the use of reusable textiles with durable finishes [7] . The importance of antimicrobial textiles goes hand-in-hand with the rise in resistant strains of microorganisms [8, 22] . In this study cotton (woven and knitted) fabrics were treated with sodium hydroxide, morpholine, and cellulase enzyme followed by dyeing and finishing in an attempt to improve bacterial resistance dyeing characteristics, uv-protection and odor resistance.. In textile dyeing, reactive and sulphur dyes are widely used because of their high fastness properties. However, the use of natural sources is increasing due to their coloration and functional properties. Hence, some selected natural sources and synthetic dyes (reactive and sulphur) were applied to the cotton fabrics with the aforementioned chemical treatments. The fabrics tested for their dyeing characteristics (K/S value, fastness properties-washing, light, rubbing and stain resistance), anti-bacterial, uvprotection, anti-odor behaviors and characterized using scanning electron microscopy (SEM).
MATERIALS AND METHODS Materials
Cotton (woven and knitted) fabrics with following specifications were used in this study: 
Methods

Treatment on Cotton (Woven and Knitted) Fabrics
The cotton fabrics (woven and knitted) were pretreated (scouring and bleaching) per established techniques (Shukla, 2000; Trotman, 1984) . The pretreated cotton fabrics (woven and knitted) were treated with a) sodium hydroxide of the concentration 15% (owm) for one hour at 85 o C; b) aqueous solution of morpholine 40% for one hour at 40 o C; and c) cellulase enzyme of the concentration 4.0% (owm) for one hour at 70 o C.
Dyeing & K/S Analysis of Cotton (Woven and Knitted) Fabrics
The dyeability of cotton fabrics (woven and knitted) was investigated using natural and synthetic dyes. Dyeing was carried out at boil for two hours with a material to liquor ratio of 1:20 as per the established technique for natural and synthetic dyes. The dyed samples were washed, soaped and dried [23, 24] . The K/S values ('K' and 'S' indicate the absorption coefficient and scattering coefficient respectively of the colorant that predict the behavior of the dyes on the textile materials) of natural and synthetic dyed cotton fabrics were determined by AATCC Test Method [25] using a Datacolor SF 600 plus spectrophotometer interfaced to a PC. Measurements were taken of color presence, brightness, dullness and color intensity with the specular component of the light excluded and the UV component included using illuminant D65 and 10° standard observer. Each fabric was folded once so as to give two thicknesses and an average of five readings is reported.
Color Fastness Analysis of the Cotton (Woven and Knitted) Fabrics
The natural and synthetic dyed samples were washed under condition IIIA of AATCC Test Method 124-2001 to determine the color change [26] . Light fastness tests were carried out according to AATCC Test Method 16 E-1998 [27] . The samples were exposed to 5, 10 AFUs (AATCC Fading Unit) to determine the color change AATCC 16-1998 [28] . AATCC standardized crock meter was used to determine the rubbing fastness of naturally dyed fabrics under wet and dry condition to assess the color change and staining properties AATCC 61-1996 [29] .
Antimicrobial Assessment of the Cotton (Woven and Knitted) Fabrics
The antibacterial activity on the natural dyed (annatto, onion, pomegranate, indigo, myrobalan and bar berry) and synthetic dyed (reactive dye and sulphur dye) cotton (woven and knitted) fabrics was assessed qualitatively according to the AATCC test method 147-2004 by the parallel streak method [30] .
UV Protection Finishing on Cotton (Woven and Knitted) Fabrics
A UV protective finish Super FX Anti UV was applied to the cotton fabrics using a concentration of 5 gpl, 80 o C, 60 minutes. The finished fabrics were then tested using standard methods [31, 32] .
Organoleptic Evaluation of Control on Cotton Fabrics -After 48 hrs (In House Method)
The treated and dyed cotton fabrics (woven and knitted) were finished with anti-odor agent H9000 at a concentration of 5 gpl, at 75 o C, 45 minutes. Then they were evaluated by six judges. The judges made anti-odor evaluations [33, 34] 14 hours after removal of the sample on each test day. The judges used individual scoring sheets and new sheets were used every day of the evaluation. The odor grading scale was 10 ("no odor") to 0 ("very intense and disagreeable odor").
SEM Study on Dyed and Finished Cotton (Woven and Knitted) Fabrics
Scanning electron microscope studies were carried out on dyed and finished woven and knitted cotton fabrics using a 30kV scanning electron microscope JEOL (Japan) Model JSM-6360 [35] .
RESULTS AND DISCUSSION K/S Values of Dyed Cotton (Woven and Knitted) Fabrics
The K/S values of the fabrics are given in Table I . From this table it is observed that woven cotton fabric shows higher K/S values than the knitted cotton fabric. The K/S value of sodium hydroxide treated cotton fabric is higher than those of morpholine treated, cellulase treated and untreated cotton fabrics [36] . The K/S value of the sodium hydroxide treated cotton fabric is influenced by the higher swelling action of that solution compared to that of morpholine or cellulase. Among the dyes applied to the pre-treated cotton fabrics there are only marginal differences in the K/S values; however, reactive dye shows highest K/S value. The color characteristics of dyed surfaces depend on how the surface reflects incident light. This in turn depends on the specific scattering of a given surface and the color characteristics of the dyestuff [37, 38] . Even though the pre-treated woven knitted cotton fabrics possess only small differences in K/S values as a function of type of dye used, the values obtained for the woven fabrics are generally higher than those of the corresponding knitted fabrics. 
Washing Fastness of the Dyed Cotton (Woven and Knitted) Fabrics
The washing fastness of the dyed woven and knitted cotton fabrics are given in Table II . It is evident from this table that there is no significant improvement in the wash fastness of the woven and knitted cotton fabric (sodium hydroxide treated, morpholine treated, cellulase treated and untreated) dyed with annatto, onion, pomogranate, indigo, myrobalan, bar berry, reactive dye, and sulphur dyes. However, the sodium hydroxide treated and dyed cotton fabric shows improved wash fastness [36] compared to the corresponding morpholine treated, cellulase treated and untreated cotton fabrics. Among the dyes applied to the cotton fabrics the reactive dyed one has highest wash fastness. The woven fabrics show a marginal increase in wash fastness over the knitted dyed fabrics. 
Light Fastness of the Dyed Cotton (Woven and Knitted) Fabrics
The light fastness data for the dyed woven and knitted cotton fabrics is presented in Table III . From this table, it is seen that the overall the light fastness of the fabrics is good (average 4-5). The sodium hydroxide treated cotton fabric shows higher light fastness values than the morpholine treated; cellulase treated and untreated cotton fabrics [36] . The higher light fastness of the sodium hydroxide treated fabrics is a result of the higher swelling and resultant higher uptake of the fabrics during the dyeing process. Among the specific types of dye, the reactive dye shows the highest light fastness value. The woven fabrics show higher light fastness values than the corresponding knitted fabrics. 
Rubbing Fastness of the Dyed Cotton (Woven and Knitted) Fabrics
The rubbing fastness of the fabric samples in the wet and dry state are given in Table IV. Table IV shows that the rubbing fastness in the dry state is much higher than in the wet state. The reactive dyes show marginal high value of rubbing fastness than the other dyes in both the wet and dry state. The sodium hydroxide treated cotton fabrics show increased rubbing fastness [36] values compared to those of the cellulase and untreated fabrics.
The sodium hydroxide treatment increases the swelling and thus the dye penetration into the fabric, resulting in increased rubbing fastness. The average rubbing fastness values of the woven cotton fabrics are higher than those of the corresponding knitted fabrics. 
Stain Resistance of the Dyed Cotton (Woven and Knitted) Fabrics
The stain resistance of the dyed woven and knitted cotton fabrics is compared in Table V . From this table, it is seen that the stain resistance of synthetic dyes is marginally higher than that of the natural dyes for all fabric samples. The sodium hydroxide treated cotton fabrics (woven and knitted) show higher stain resistance values than morpholine treated, cellulase treated and untreated fabrics [36] . The woven fabrics show marginally higher stain resistance values over the corresponding knitted fabrics. 
S.No. Dyes
1 2 3 4 1 2 3 4 1 Annatto 4 5 4-5 4-5 3-4 4-5 4 4 2 Onion 4 5 5 4-5 3-4 4-5 4 4 3 Pomogranate 4 5 5 4 3-4 4-5 4-5 4 4 Indigo 4-5 5-6 5-6 5-6 4 5 5 4-5 5 Myrobalan 4 5-6 5 4-5 3-4 5 5 4-5 6 Bar berry 3-4 4-5 4-5 4 3-4 4-5 4 4 7 Reactive Dye 4-5 6 6 5-6 4 5-6 5-6 5 8 Sulphur Dye 5 6 5-6 5-6 4 5-6 5 5
Antibacterial Assessment of the Dyed Cotton (Woven and Knitted) Fabrics
The antimicrobial assessment of the fabric samples is given in Table VI . The antimicrobial activity of these samples was assessed by a qualitative test method. All dyed samples showed a higher zone of inhibition against Staphylococcus aureus compared to Escherichia coli. In general, the sodium hydroxide treated cotton fabric [36] (woven and knitted) shows a higher zone of inhibition (both by Staphylococcus aureus and Escherichia coli) followed by morpholine treated, cellulase treated and untreated cotton fabrics. The reactive dye shows higher inhibition than the sulphur dye among synthetic dyes. Indigo dye shows the highest inhibition of all the natural dyes. 
UV Protection Factor for the Dyed & Finished Cotton Fabrics
The UV transmittance of the finished cotton fabrics was determined using a UV visible spectrophotometer. The standard chart for determining the UV protection factor is presented in the Table VII , and the data of UV protection factors of the finished cotton fabrics are given in Table  VII 1  Annatto  26  25  33  31  29  27  27  26  24  22  34  28  28  27  27  25  2  Onion  27  26  33  30  29  28  27  27  25  23  32  28  28  26  26  25  3  Pomogranate  27  25  34  31  30  28  28  26  25  22  33  28  29  27  28  26  4  Indigo  31  29  37  35  34  31  33  30  29  26  35  34  33  30  31  29  5  Myrobalan  27  26  33  31  30  29  28  27  25  24  32  29  29  28  27  26  6  Bar berry  29  28  35  32  32  30  30  29  26  24  33  30  30  29  28  26  7  Reactive Dye  37  35  45  43  41  38  39  36  34  32  43  40  40  36  38  32  8  Sulphur Dye  33  31  39  38  37  35  35  32  31  29  38  37  36  33 
Anti-Odor Behavior of the Treated, Dyed and Finished Cotton Fabrics
The anti-odor behavior of the fabrics is given in Table VIII and VIII(a). These fabrics were assessed using a subjective evaluation technique performed by six women of different age categories (25 to 50 years) and the odor grading was rated between 0 repulsive) and 10 (ideal). The odor ratings of all fabrics fall in the range of 7-9 (good to excellent). No distinct trends in anti-odor rating among the various types of dye or pre-treatments are evident. 1  2  3  4  1  2  3  4   1  Annatto  34  39  38  37  35  40  39  38  2  Onion  33  38  37  36  36  39  38  38  3  Pomogranate  34  38  37  36  33  39  37  36  4  Indigo  33  38  37  36  34  39  38  37  5  Myrobalan  35  39  38  37  35  40  39  38  6  Bar berry  34  39  37  36  34  39  37  36  7 Reactive Annatto  8  8  7  8  8  7  9  8  9  9  9  8  8  8  8  8  9  8  8  8  8  8  9  8  2  Onion  8  7  7  8  7  8  9  8  8  9  8  9  9  8  8  9  8  9  9  8  8  9  8  9  3  Pomogranate  8  7  7  7  8  7  9  8  8  8  9  8  8  7  8  8  9  7  8  7  8  7  8  8  4  Indigo  7  8  8  7  7  8  9  8  8  9  8  9  8  8  7  9  8  9  7  8  8  9  7  8  5  Myro balan  9  7  7  8  8  7  8  9  8  8  9  8  8  8  8  8  8  8  8  8  7  8  8  8  6  Bar berry  7  8  8  7  8  7  9  9  8  9  9  9  8  7  8  9  9  8  8  8  8  9  9  7  7 Reactive 
Anti-odor Retention Behavior and Release Rate of the Dyed and Finished Cotton Fabrics
The concentration of the anti-odor agent was measured by a UV / visible spectrophotometer after extracting the anti-odor agent from the finished fabric sample using ethanol. The extracted material was diluted to a 1:10 ratio with distilled water. The absorbance of the diluted solution was measured at 206 nm. The release rate of the fragrance was calculated according to the following formula;
The data obtained is given in Table IX (woven cotton  fabric) and Table IX (a) (knitted cotton fabric) respectively. From theses tables it is seen that the anti-odor retention behavior is very good even after 4 and 8 days. The release rate of anti-odor agent from the fabrics is increases from about 8% after 4 days to nearly 20% after 8 days in both types of cotton fabrics. All the dyed fabrics gave uniformly good anti-odor retention behavior based on the data in Tables IX and IX(a). TABLE IX. Anti-odor retention behavior and release rate of the dyed (natural and synthetic) and finished woven cotton fabrics. 
SEM Analysis of Woven Cotton Fabric
The SEM images of indigo dyed and finished woven cotton fabrics (untreated, sodium hydroxide treated, morpholine treated and enzyme treated) are given in the Figures 1(a), 1(b) , 1(c), and 1(d) respectively. It is evident from these images that there are some clear differences in the respective images The dyed and finished sodium hydroxide treated cotton fabric (Figure 1(b) ) shows much lower levels of fiber damage than the morpholine treated (Figure 1(c) ) and enzyme treated (Figure 1(d) ) fabrics [36] . 
SEM Analysis of Knitted Cotton Fabric
The SEM images of dyed and finished knitted cotton fabrics (untreated, sodium hydroxide treated, morpholine treated and enzyme treated) are given in the Figures 2(a) , 2(b), 2(c), and 2(d) respectively. It is evident that there are some clear differences in the respective images. The dyed and finished sodium hydroxide treated cotton fabric (Figure 2(b) ) shows much lower levels of fiber damage than the morpholine treated (Figure 2c) ) and enzyme treated (Figure 2(d) ) fabrics. 
CONCLUSION
From this research work on cotton (woven and knitted) fabrics (sodium hydroxide treated, morpholine treated, cellulase treated and untreated) dyed with annatto, onion, pomogranate, indigo, myrobalan, barberry, reactive dye and sulphur dyes, the following conclusions are possible: The sodium hydroxide treated cotton fabrics give the best color data followed by morpholine treated and cellulase enzyme treated cotton fabrics. In general, the overall fastness properties are highest for the sodium hydroxide treated cotton fabrics followed by morpholine treated and cellulase enzyme treated cotton fabrics. All dyed samples showed a higher zone of inhibition against Staphylococcus aureus compared to Escherichia coli. In general, the sodium hydroxide treated cotton fabric (woven and knitted) shows a higher zone of inhibition (both by Staphylococcus aureus and Escherichia coli) followed by morpholine treated, cellulase enzyme treated cotton fabrics. All dyed and finished cotton exhibit very good UV resistance. The anti-odor behavior of the cotton fabrics is excellent to very good. The anti-odor retention behavior of these fabrics is also very good.
SEM micrographs reveal that the dyed and finished sodium hydroxide treated cotton fabrics are closet to the untreated fabrics in appearance followed by morpholine treated and enzyme treated fabrics.
